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ABSTRACT 
The objective of this study was to determine the 
feasibility of using pressure welding as a joining technique 
for swaged nodular iron. 
ii 
Test pressure welds were produced with swaged continuous 
cast nodular iron at temperatures between 1750°F and 2050°F 
with welding pressures between 15,900 psi and 51,400 psi 
using an induction coil to heat the weld zone. 
Pressure welds of greater strength than the as-received 
nodular iron were produced by swaging the material before 
welding. The optimum welding parameters were a temperature 
of 2050°F with a welding pressure of 46,700 psi. 
On the basis of these tests it is concluded that pres-
sure welding of nodular iron is feasible for joining structures 
in which the deformed zone is not detrimental or can be re-
moved by machining. 
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I. INTRODUCTION 
The purpose of these tests was to determine if pressure 
welds of equal or greater strength than the as-received con-
tinuous cast nodular iron could be produced b.Y swaging the 
material before pressure welding. 
Pressure welding is a bonding technique in which there 
is no liquid phase present during any stage of the process. 
Pressure welding is accomplished by pressing together the 
clean surfaces to be bonded and heating to a temperature below 
the melting point of the metal. 
The swaging operation elongates the graphite nodules in 
the longitudinal direction. During subsequent pressure weld-
ing, these nodules can undergo more deformation before the.y 
become parallel to the weld interface where they can create 
a plane of wealmess. 
This method could be useful for welding pipes, rods, or 
bars of nodular iron by swaging or otherwise longitudina~ 
deforming the volume of material adjacent to the weld inte~ 
face before pressure welding. 
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II. LITERATURE REVIEW 
There are presently three methods of metallurgical 
joining: fusion welding, soldering or brazing, and diffusion 
bonding. Only diffusion bonding produces a weld in which there 
is no liquid phase present during the bonding process. Dif-
fusion bonding has been referred to by terminology such as 
pressure welding, solid-phase welding, self-welding, roll 
bonding, and diffusion bonding. All of these produce a liquid-
free weld, but each term refers to a particular technique of 
welding. (1)* 
Modern pressure welding has been defined as "A process by 
which structural members are bonded by atomic forces without the 
presence of a liquid phase at any stage of the process, comprising 
pressing together clean, smooth surfaces so as substantially to 
exclude air, and maintain suitable pressure while heating to 
effect bonding. 11 (2) 
Pressure welding is a yield strength controlled diffusion 
bonding process. The pressure exerted during welding is greater 
than the yield strength of the metal at the welding temperatures; 
therefore there is considerable deformation during welding. (3) 
----------------------------------------------------------------
*(1) All references are in the bibliography. 
Pressure welding as a useful welding technique is 
relatively new even though the phenomenon has been known 
since the Egyptians, in 3000 B.C., hammered iron 11sponge 11 
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to weld the particles together. The process remained dormant 
until 1724 when J.I. Desaguliers welded two lead balls to-
gether by pressing them together with a twist. (5) In 1781, 
Archard used pressure welding phenomena to produce platinum 
by powder metallurgy methods. (2) Pressure welding as a 
joining technique was not utilized until 1935 when roll bonding 
of clad materials was developed. 
The bonding mechanism that is theorized by Kinzel (2) 
and substantiated by others (3) (5) is metallic cohesion. 
Atoms within a material change positions regularly and com-
paratively rapidly. If the atoms across the interface are one 
atomic lattice parameter apart, they should diffuse across the 
interface in their natural movement, thus creating a possibility 
of recrystallization and crystal growth across the interface. 
Any surface film at the interface would prevent such spacing; 
therefore these must be dispersed and/or diffused during 
welding. 
Diffusion of atoms in metals is into interstital lattice 
positions and vacant lattice sites. The interstitial sites 
are usually too small for metal atoms to diffuse into them. 
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This indicates that the atoms migrate to vacant sites in their 
normal movement. Any increase in vacant sites will increase 
the diffusion rate. Upsetting will create lattice vacancies, 
thus improving diffusion. (10) 
Pressure welding has the advantages of: short bonding times; 
toleration of rougher surfaces and higher levels of surface 
contamination than in diffusion or creep controlled bonding; 
and large interfacial deformation desirable for joining dis-
similar metals. Despite these advantages, pressure welding is 
limited because special apparatus may be necessary to develop 
the high temperature and pressures needed to produce bonding. 
Also, the large deformation required limits the joint con-
figurations possible. (11) 
Pressure welding is being used to bond girth joints in 
steel pipes, composites for electronic components, fuel 
elements, rocket motor parts, sheathing for electrical con-
ductors, TV and radio antenna tubes, and downspouting. These 
are a few of the varied uses for pressure welding. (10) 
(11) (13) (15) 
With the advent of space flight, it has been necessar,y 
to investigate the bonding together of ultraclean metal 
surfaces in the vacuum of space. Because an oxide layer 
does not form in the vacuum, metal surfaces in contact have 
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a tendency to bond together. Thus far most stuqy has concentrated 
on ways to prevent bonding. (12) (16) 
The previous discussion has been a brief review of the 
development of pressure welding and the mechanism of the bond. 
The following is a discussion of the welding parameters and 
certain factors which influence the quality of the weld. 
There are four main welding parameters in pressure 
welding: temperature, pressure, deformation, and surface 
condition. (4) 
It is difficult to treat each of these independent~ 
because each affects the other, but the main effect of each 
parameter will be discussed. 
Temperature 
Elevated temperature increases the atomic mobility which 
increases the rate of diffusion of the metal atoms and in-
herent oxide film at the interface. Temperatures near the re-
cr,ystallization temperatures (4) and allotropic transformation 
temperatures (1), if any are present, are necessary to produce 
good bonds. Welding with very low pressure and small deform-
ation has shown bonding to begin near the recrystallization 
temperature of the metal. (6) Passing through the critical 
temperature on cooling increases the bonding of iron alloys. (1) 
Increased temperature increases the dissolution of the 
oxygen from the dispersed oxide film and helps to remove or 
evaporate surface contaminants. Any means of removing con-
taminants and oxide film increases the quality or the bond. 
(1) (4) (7) (8) 
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The yield strength of metals is reduced to near zero at 
the recrystallization temperature. The low yield strength 
allows plastic flow of surface roughness, thus decreasing the 
spacing across the interface and increasing the area of contact 
which helps disperse the oxide film. 
Pressure and Deformation 
The pressure assures intimate contact between the pieces 
to be welded and produces the upsetting action during welding. 
The upsetting action at the interface causes the fragment-
ation of the low ductility oxide film. This decreases the 
total ratio of oxide to metal volume immediately adjacent to 
the interface. Also, the deformation distorts the crystal 
lattice to produce a greater number of vacancies for increased 
atom diffusion. (10) Both of these conditions improve the 
conditions for bonding. 
It has been shown that by increasing the pressure above 
the pressure at which bonding first occurs, an increase in 
bond development is achieved. (4) (9) 
7 
Surface Preparation 
The condition of the surfaces to be bonded is very 
important. If the surfaces are contaminated by grease or 
excessive oxide layers, a good bond is impossible. Also, 
surface roughness has to be considered. A surface which is 
too rough for metal flow to produce intimate contact between 
surfaces will produce a weak bond with voids along the inter-
face. (2) (3) (5) (6) (8) 
Mechanical cleaning just before bonding using fine grit 
abrasive paper has proved to give very satisfactory surface 
finish for bonding. Scratch brushing is generally used to 
clean aluminum before joining. Chemical removal of contam-
inants has been reported to be of less benefit. (3) (6) (8) 
(13) 
The abrasive cleaning leaves a cold worked surface which 
increases the energy, thus the surface is more active for 
diffusion to take place across the interface. 
The parameters necessary to create satisfactory welds 
are different for each metal or alloy combination. Therefore, 
these parameters must be investigated for each combination. 
Nodular iron has been pressure welded to low carbon steel 
by Carriere ( 17) with the best welds being produced at an end 
load of 7000 pounds (35,700 psi). The welds produced failed in 
the iron along the plane of defor.med graphite nodules parallel 




The complete apparatus used for welding is shown in 
Figure 1. A converted Carver Laboratory Mounting Press was 
used to apply the initial welding load to the samples. The 
force on the ram, consequentlY on the samples, is indicated on 
the pump gage. The weld samples are positioned and held for 
welding by the special fixture shown separately in Figure 2. 
The fixture did not absorb an appreciable amount of heat 
during the welding because transite in the socket prevents 
heat flow from the sample to the fixture. 
The welding temperatures were achieved by induction 
heating. A Lewis Company Inc. induction heater power source 
with an output power of 1500 watts and an output frequency 
of 400 kilohertz was used to power the coil. The coil, shown 
in Figure 3, was four (4) turns of 1/8 inch O.D. copper tubing 
with a 0.80 inch inside coil diameter. 
B. Test Samples 
The samples were made of continuously cast nodular iron 
in the ferritic as-cast condition. The nodular iron was 
received in 0.800 inch diameter bars, and then machined to 
0.600 inch diameter bars. These bars were then swaged 
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FIGURE 1. WELDING APPARATUS 
10 
FIGURE 2. WELDING FIXTURE 
ll 
FIGURE 3. WELDING COIL 
to 0.520 inch diameter. This represents a 13.3 percent 
reduction in the diameter of the specimens. The bars were 
then cut into pieces slightly over 2~ inches in length. The 
ends of the pieces were squared off on a belt sander, and 
the surfaces to be welded were faced off on a lathe. The 
final length of the ready-to-be-welded samples was 2~ inches. 
C Procedure 
Immediately before being placed in the welding fixture, 
the weld surfaces were mechanically cleaned on 320 grit 
abrasive paper. The welding took place as soon as possible, 
30 to 60 seconds, after cleaning. 
The samples were placed in the welding fixture and 
centered in the coil, making certain that the weld interface 
was in the center of the heat zone of the coil. The desired 
amount of welding pressure was applied with the press; then 
power was applied to the coil for the required time for the 
welding temperature to be achieved. 
The temperature of the weld interface was correlated with 
the time that power was supplied to the coil. This was done 
to eliminate a thermocouple inclusion in each weld. This 
correlation was accomplished by placing a chromel-alumel 
thermocouple in a groove within the weld interface while 
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applying pressure and heat, a stopwatch was used to determine 
the time necessar,y to obtain the desired temperature as measured 
on a millivoltmeter. Figure 4 shows a thermocouple within a 
completed weld. The time-temperature correlation is shown in 
Figure 5. 
The induction unit has a built-in timer which auto-
matically shuts off the power to the coil after the prescribed 
time set on the timer has elapsed. The times set on the timer 
were checked for accuracy with a stopwatch to reduce error in 
reading the timer scale. 
Test welds were made using welding pressures of 15,900 psi 
(3400 lbs), 37,400 psi (8000 lbs), 46,700 psi (10,000 lbs), and 
51,400 psi (11,000 lbs), with temperature increasing in 100 degree 
increments from 1750°F to 2050°F. Four welds of each combination 
were made. One of each group of welds was sectioned and examined 
metallographically. Nital etchant was used on all microstructures. 
The center 2 inch sections of the remaining three welds were 
machined to 0.475 inch diameter to remove upset material and 
produce uniform cross sectional area tensile specimens. 
The final d~eter of the deformed weld zone was measured 
at the weld interface. This diameter then was used to compute 
the percent of deformation which occurred during the welding 
operation. The following equation was used to compute the 
14 
FIGURE 4. THERMOCOUPLE WITHIN A DEFORMED WELD ZONE 
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FIGURE 5. TIME-TEMPERATURE CORRELATION 
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percent welding deformation. 
where: 
D2 - D 2 
P.D. f 0 .100 
D6 
P.D. = Percent deformation 
Dr = Final diameter of the deformed 
weld zone 
D0 = Original diameter of the specimens 
before welding, 0.520 inch 
TEST RESULTS 
The welding parameters and specimen identification used 
in this investigation are shown in Table 1 on page 18. 
The ultimate tensile strength of the nodular iron in 
three comparative conditions is shown jn Table 2 on page 19. 
The data obtained from the welded specimens is shown in 
Tables 3 through 6 on pages 20 through 23. 
Photomicrographs of the nodular iron before welding are 
shown in Figure 6 on page 25. 
A photograph of representative welded specimens is 
shown in Figure 7 on page 26. 
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Photomicrographs of longitudinal sections across the 
weld interfaces are shown in Figure B on pages 27 through 30. 
Photomicrographs of longitudinal sections across failures 
after tensile testing are shown in Figure 9 on pages 31 through 38. 
lf' 
Table 1 
Pressure Welding Parameters Evaluated 
Weld Identification Temperature Welding Pressure 
OF psi 
11, 12, 13, 14 1750 15,900 (3400 lbs) 
21, 22, 23, 24 1750 37,400 (8000 lbs) 
31, 32, 33, 34 1750 46, 700 ( 10000 lbs) 
41, 42, 43, 44 1750 51,400 (11000 lbs) 
51, 52, 53, 54 1850 15,900 
61, 62, 63, 64 1850 37,400 
71, 72, 73, 74 1850 46,700 
81, 82, 83, 84 1850 51,400 
91, 92, 93, 94 1950 15,900 
101, 102, 103, 104 1950 37,400 
ill, 112, 113, 114 1950 46,700 
121, 122, 123, 124 1950 51,400 
131, 132, 133, 134 2050 15,900 
141, 142, 143, 144 2050 37,400 
151, 152, 153, 154 2050 46,700 
161, 162, 163, 164 2050 51,400 
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Table 2 
Nodular Iron Tensile Strengths 
Condition 
Continuously cast, ferritic 
as-cast 
Swaged from 0.600 inch diameter 
to 0.520 inch diameter 
Swaged and then heated to 2000°F 







Experimental Data for Welds Made at 1750°F 
Weld No. Welding Pressure Final Diameter Per Cent Ultimate 
psi inches Deformation Tensile 
Strength, psi 
11 15,900 0.573 21.4 52,400 
12 0.550 11.9 1 
13 0.585 26.5 50,500 
14* 0.575 22.9 
21 37,400 0.607 36.2 55,400 
22 0.623 43.5 54,300 
23 0.622 43.1 36,800 
24* 0.614 39.4 
31 46,700 0.629 46.4 51,200 
32 0.649 55.7 55,000 
33 0.636 51.1 54,300 
34* 0.590 28.7 
41 51,400 0.647 54.9 39,700 
42 0.654 58.2 45,000 
43 0.638 50.5 40,700 
44* 0.650 56.4 
* These welds were sectioned for metallography. 
1 Broke during handling. 
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Table 4 
Experimental Data for Welds Made at 1850°F 
Weld No. Welding Pressure Final Diameter Per Cent Ultimate 
psi inches Defonna.tion Tensile 
Strength, psi 
51 15,900 0.580 24.4 59,000 
52 0.547 10.6 50,500 
53 0.576 12.5 47,500 
54* 0.583 25.7 
61 37,400 0.635 49.1 63,700 
62 0.629 46.4 65,100 
63 0.631 47.3 65,400 
64* 0.626 43.9 
71 46,700 0.654 58.2 57,200 
72 0.656 59.1 66,000 
73 0.660 61.2 60,300 
74* 0.657 59.6 
81 51,400 0.657 59.6 49,200 
82 0.643 52.9 54,800 
83 0.607 36.2 56,700 
84* 0.654 58.2 
* These welds sectioned for metallogra~. 
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Table 5 
Experimental Data for Welds Made at 1950°F 
Weld No. Welding Pressure Final Diameter Per Cent Ultimate 
psi inches Deformation Tensile 
Strength, psi 
91 15,900 0.564 17.6 50,000 
92 0.549 11.5 45,200 
93 0.600 33.0 58,200 
94* 0.563 17.2 
101 37,400 0.633 48.2 68,700 
102 0.636 49.6 68,200 
103 0.633 48.2 64,800 
104* 0.633 48.2 
111 46,700 0.661 61.5 64,500 
112 0.641 52.0 67,000 
113 0.661 61.5 67,000 
11.4* 0.661 61.5 
121 51,400 0.666 64.0 50,800 
122 0.664 63.0 49,700 
123 0.655 58.6 51,700 
124* 0.607 36.2 
* These welds sectioned for metallography. 
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Table 6 
Experimental Data £or Welds Made at 2050°F 
Weld No. Welding Pressure Final Diameter Per Cent Ultimate 
psi inches Deformation Tensile 
Strength, psi 
131 15,900 0.5BO 24.4 66,500 
132 0.5B2 25.2 69,BOO 
133 0.5BO 24.4 62,BOO 
134* 0.5B2 25.2 
141 37,400 0.640 51.5 70,500 
142 0.624 44.0 71,900 
143 0.637 50.1 57,500 
144* 0.624 44.0 
151 46,700 0.664 63.0 72,000 
152 0.662 65.7 67,500 
153 0.656 62.9 74,100 
154* 0.666 64.0 
161 51,400 0.5B7 27.4 63,100 
162 0.669 65.6 55,200 
163 0.673 67.5 56,300 
164* 0.656 62.9 
* These welds sectioned £or metallography. 
D. Discussion of Results 
The 13.3 percent reduction in the diameter of the test 
specimens during swaging slightly elongated the graphite 
nodules in the longitudinal direction as is evident in Figure 6 
on page 25. 
The purpose of the swaging operation was to elongate the 
graphite nodules in a direction perpendicular to the plane of 
the weld interface. This permits the specimens to withstand a 
greater amount of deformation during welding before the nodules 
tend to elongate parallel to the weld interface. 
During the welding operations, the pressure initially 
increased because of thermal expansion of the nodular iron; 
then as welding proceeded, the pressure decreased as the heated 
zone deformed. The amount of deformation that occurred at 
each welding pressure can be observed in the welds shown in Figure 7 
on page 26. 
The photomicrographs in Figures 8 and 9 show that the 
graphite nodules de£or.med more parallel to the weld interface 
with higher welding pressures. These photomicrographs show 
that more pearlite for.ms in the welds when higher temperatures 
are used and also that at each temperature there is more pearl-
ite formed at lower welding pressures. It is like~ that this 
latter effect occurs because the greater time necessary to reach 
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FIGURE f., . PHOTOKICROGRAPHS OF NODULAR IRON BEFORE 
PRESSURE \'IELDING 
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FIGURE 7. PHOTOORAPH OF PRESSURE WELDED SPECIMENS 
(The welding pressures used are indicated beside each s pecimen) 
. . . ..- .......... - 51,400 psi 
___ --- --
"~ 
·- . 46,700 psi 
- -- - ----~ --
... . ... 37.400 psi 
..... ____ . . -----------
- - - -
.,....... ·- ..... -.-.-...-
.. ·-- -- . -- - . _ _,_._ -
15,400 psi 
';.7 
FIGURE 8. PHOTOMICROGRAPHS OF LONGITUDINAL SECTIONS 
ACROSS WELD INTERFACE 
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.FIGURE 8 . (CONTINUED) 
1850°F - 15, 900 psi 
Etched 150X Etched 150X 
Weld 74: Weld 84: 
Etched 150X 
FIGURE 8 . (CONTINUED) 
Weld 94: 




FIGURE 8. (CONTTiruED) 
Weld 134: 2050°F - 15,900 psi Weld 144: 2050°F - 37,400 psi 
Etched 150X Etched l50X 
FIGURE 9. PHOTOMICROORAPHS OF LONGITUDINAL SECTIONS 
ACROSS FAILURES AFTER TENSILE TESTS 






FIGURE 9. (CONTINUED) 
Weld 32: l750°F - 46,700 psi 
Weld Interface 
Etched 150X 
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FIGURE 9 (CONTINUED) 
Weld Interface 
·Etched ~50 X 




FIGURE 9 (CONTINUED) 
Weld l3l: 2050°F - 15,900 psi 
\ield Interface 
Etched l50X 
Weld l42: 2050°F - 37,400 psi 
Etched 
.38 
FIGURE 9 (CONTINUED) 
Weld Interface 




the welding temperature with low welding pressures allows more 
graphite to diffuse into the ferrite matrix and form pearlite. 
All the longitudinal sections across the weld interface 
show that a much larger amount of pearlite formed around the 
outer edges of the plane of the weld interface than for.med in 
the central portion of the interface plane. The photomicro-
graphs shown were taken near the central portion of the inter-
face plane. 
The graphs in Figure 10 which show the effect of temperature 
on the ultimate tensile strength of welds made with four welding 
pressures indicate that an increase in temperature does not 
guarantee a stronger weld in the nodular iron. It is likely 
that the shape of these curves results from an interaction of 
three factors, these being: (1) temperature (2) deformation of 
the graphite nodules and (3) the amount of pearlite in the 
matrix of the iron. A comparison of the modes of failure of 
the welded specimens, Figure 9, indicates that the specimens 
failed either at the weld interface or away from the inter-
face. 
In each graph presented in Figure 10 it is likely that 
the initial increase in strength (Region I) is a result of 
the increasing strength of the weld interface itself. The 
increase in joint strength results from the greater amount 
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FIGURE 10 THE EFFECTS OF TEMPERATURE ON THE ULTIMATE TENSILE STRENGTHS 
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FIGURE 10 THE EFFECTS OF TEMPERATURE ON THE ULTIMATE TENSILE STRENGTHS 
OF PRESSURE WELDS MADE AT FOUR WELDING PRESSURES (Continued) 
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of diffusion across the interface because of the higher temper-
atures. In this region failure occurs at the weld interface. 
In Region II the strength of the weld interface becomes 
stronger than the strength of the base metal. Failure occurs 
in the base metal because the graphite nodules have deformed 
sufficiently to for.m a plane of weakness. Because this is a 
transition zone the exact shape of the curves in this region 
is uncertain. 
The final increase in the weld strength (Region III) is 
a result of an increase in the strength of the base metal. As 
is evident in the photomicrographs of the failure lines in 
Figure 9 there is more pearlite for.med at the higher temperatures. 
In all of the graphs illustrating the results, the curves 
represent the most reliable data points. 
The graph presented as Figure ll shows that the ultimate 
tensile strength of the welds made at each temperature reached 
a maximum value and then decreased as the welding pressure 
increased. In all tests, the weld strengths were lowest in 
welds made using 51,400 psi welding pressure. It can also be 
observed from this graph that the strengths of each group of 
welds made using the low welding pressure had a wider range of 
value than welds made with higher welding pressures. It is 
likely that this is caused because the small amount of deform-
ation that occurred with the low pressures was not sufficient 
43 
FIGURE 11. THE EFFECTS OF WELDING PRESSURE ON THE ULTIMATE TENSILE 
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surfaces. 
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These effects are in agreement with the work of Carriere (17) 
except that in his investigation welding pressures greater 
than 35,800 psi decreased weld strengths because of graphite 
nodules parallel to the weld interface, whereas pressures greater 
than 47,000 psi produced this degradation of pressure welds in 
this author's investigation. This indicates that the swaging 
operation does allow for a larger amount of deformation before 
the graphite nodules defor.m excessively and decrease the weld 
strength. 
A three-d~ensional view of Figure 11 showing the effects 
of welding pressure and temperature on the ultimate tensile 
strengths of the pressure welds is presented as Figure 12 on 
page 45 • This figure can be used to compare the welding pres-
sures and temperature combinations that will produce a given weld 
strength. 
The graphs of ultimate tensile strength versus percent 
deformation presented as Figure 13 on pages 46 through 49. 
indicate that as the deformation during welding increases at 
each welding temperature the strength reaches a maximum and 
then abruptly decreases. 
The swaging operation elongates the graphite nodules in 
the longitudinal direction which per.mits a higher welding 
FIGURE 12. THE EFFECTS OF WELDING PRESSURE AND TEMPERATURE ON 
THE ULTIMATE TENSILE STRENGTHS OF PRESSURE WELDS 
-
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FIGURE 13. THE EFFECTS OF DEFORMATION ON THE ULTIMATE TENSILE 
STRENGTH OF PRESSURE WELDS MADE AT FOUR WELDING 
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FIGURE 13 THE EFFECTS OF DEFORM!. fiON ON THE ULTIMATE TENSILE 
STRENGTH OF PRESSURE WELDS MADE AT FOUR WELDING 
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FIGURE 13 THE EFFECTS OF DEFORMATION ON THE ULTIMATE TENSILE 
STRENGTH OF PRESSURE WELDS MADE AT FOUR WELDING 
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pressure to be used; if unswaged nodular iron is used, the 
deformation of graphite at this pressure is excessive. The 
deformation becomes excessive v1hen the graphite becomes elong-
ated parallel to the Held interface. 
The maximum strength Held was produced using a ?050°F 
temperature Hith a 4 7, 000 psi 1.relding pressure. This com-
bination produced Helds with an average ultimate tensile 
streneth of 71,200 psi. This strength is 117 percent of the 
as-received material strength and 90 percent of the material 
strength after swaging and heating to 2000°F. 
IV. CONCLUSIONS 
On the basis of this study, it is concluded that pressure 
welding of swaged nodular iron is entirely feasible. The 
combination of parameters which developed the best quality 
weld in the apparatus used in this study was 2050°F with a 
welding pressure or 46,700 psi (10,000 lbs). The surfaces to 
be bonded were mechanically cleaned with 320 grit abrasive paper 
prior to welding. 
Recommendations for Future 1:{ork: 
This study developed parameters which produce satis-
factory pressure welds. It would be beneficial if the fatigue 
and impact properties of the pressure \'relds vlere known. Also 
an investigation to fully explain the effect of temperature 
on the tensile strengths of the pressure welds made from 
ferritic nodular iron would be valuable. 
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